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PROBLEM TO BE SOLVED: To actualize a projection beam of good quality 
which can be oscillated continuously in basic lateral mode and has no 
astigmatism suitable for the light source of an optical disk system, etc. 
SOLUTION: The semiconductor laser is constituted by forming an n type 
GaAIN clad layer 13, an active layer 16 of MQW(multiquantum well), and a p 
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this case, the refractive index of the light confinement layer is made larger 
than the refractive index of the p type GaAIN clad layer. Consequently, 
threshold current density is reduced by controlling a lateral mode by forming 
a waveguide structure with a refractive index distribution, and in the lateral 
mode, an InGaAIBN-based semiconductor laser can continuously be 
oscillated. 
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[0076] ^ttfj^t, 01(C*-T«3t(7)^2|Efrb- 

-Kosa-fkfcfi^T^rar**. -r^*>, ^^^^ 

[0077] z\o>£ 0 Km&mmmmit, xmz&m2 
0 1 tx^rmmj: o a> k^-v »7x**^j 

'tebMb LTfi. CT^ti' I nGa N*^^ ^igiRf^j. 
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[ 0 0 7.8 ] m^X . Z.<7)£ 5%®*:- F®ffl<7>tc#><?> 

[00 79] 122 (a) 14, X h?4 rSfffc A h 5 4 r 

m&tf>ff 2 0 1 3 XfgiS t COCSS ( P M G a Ni£$JI 1 
7 if***) h out t=J«-4tfE#tt**LTV^. a 

2 (b)tt. a#*-Kfc3w***c«o aviare- 

[0080] iJl^WHtll ^ h 54 TSBOJBtiBtS: 
nSGa )J5 A 1 0 , , 5 N/n-GaN ( 0. 1/Jm)/ 
MQW/plGaN (0. Um) /plGa,.,sA 1 
0 . ls NkU Xh54T^<7)/f*tj§£nSGa 0>86 A 1 
0 . | 5 N/nSG a N ( 0 . 1 jum ) /MQW/plG a 
N(0. lAnn)/pIGa 0 , 85 Al 0 ,i 5 N (h 0(ltl u 
m)/nSlnGaNt UfcJft&^Wttffilf #flttf $ it 

t. 

[0081 ] |S]S^i3f>TMQW(±, I n ue Ga 0J1 
N#FJf ( 2 n m ) / \ n 0 . 04 G a 0 . 96 N|^g^ <4n 
m) 5tt$>&ffi&t. 1 0tt&&ffitfLbcr>2M*)ti < 

[0082] H<03eSfllt=« - ERKt- K t 

»^-Fh<^t^* 5 7c#v^#'m£ lv->. 0#>£>*> 

1 0 - 1 SJ9[<7)JB»f *S^fW±^ a- U i 6 T 5 Xv 

0. $A,^MSL<ti0. 2jumJaTte» 

[0083113 (a) li. h out =0. 2j«m<0»* 
OLSV^8iE?ffJKJ th tRIL, Xh54n|g(=*tt-&«e 
#tt£7FLTV>£. 03 (b)ti, |B|h out (»&<0a 

0 . A a (CM L. XF?-f7llfcjtti«ffttfc*LT 

[0084] xh7-< 7H*<*£v->£: A«W<5:i 

(00851 ±tzM4 ( a ) ( b ) \,Z5xi~ X 0 

^iX^OEKi. Xh74ra5<7)^ffl3tSrnffiGa 
0.e 5 Ali.i S N/nlGaN(O. Um)/MQW/ 
pIGaN (0. ljKml/pIGao.jsAlo.^Nt 
U Xh54r^<oa«liSS:nMGa 0 . 8 5A l 0 . 15 N/ 
nIGaN (0. 1 ix m ) /MQW/p IG a N ( 0 . 

1 Atm) /plGa U5 A 1 „ 15 N ( 0 . 05«m)/ 
nllnGaAl N fc Lfc^?>S^»£WBf Lfc t 
^T'ftl.. Xh^-f T^Kcio{t-S)nMl nGaA 1 N/f 



a**(H&iWBtcffli£-f «. 

[0086 ] Z.Z.X\ MQWJi, I n 0 . 2 Ga u N# 
rl§ (2nm)/In U5 Ga,, 95 N&MJf (4 nm) 

[008 7] <I.rt\ 14 (a) Ji. 3fcgfiA#>Jl#I n 
„ Ga,., NifetiGai., A 1 , N<7)i§-£c0X h 54 

fla-ti. zcommteffii&it. 04 <b) Kis^-id 

?bftffi£ (Xh54nt@^'5Atm04&^) **/]>$ ^ 

[0088] ifc, 0Sx h S0. 2<?XB«{i. Xh5 

[0089] ftP3?ii#>/I{±, 35&Jl^@#r*J: 0 

fc/hS^JBtff^Ga,., Al, NfcffiUrt:**. 04 
( b ) iz^t X o ic. IWHiWt** 3o<o««{c4MJlT& 

i> . sb 1 oiijsti, %ma^>m<n a i h 54 r 

&cr>? 7 - y h®OA 1 mix < . -rar*>^*H& 

[0090] fS2<7>S|i§g{i. ftEfliA^ilOA I fflflW*? 
5-y FIOA 1 ffl^tCigV^HT-fcO, 'JvSl^A n eq <7) 

Kubizmimmmmt % 0 . as-*-* ioc, 

{i3tr -f x^jtBWt{iiSS^rv». 
[009 1 ] SS3tf>^«ii, [24 ( b ) +Taat^^ 
l*I^T'* 0 , 7tKiii6Ji^)A 1 5 •/ KJf <0A I 

ffifiici "3/JnS < . J.o»aOB<OA 1 ffl^J; 0 < . -f 

LTV^. ^c0R#«^tS{±, 04 (a) {C^t"j;9 
fc. An e ,*TO0, Xh54 7^l-0^<iglff^X 
h54 7-F I =ic7)^fffl®t)f*«tO^:#<^-5.. «r*J. ^cOR 

[0092] ii4 ( b ) MaaaAJioA 1 

«JS*«^ 5 y KJK0A 1 fflfiSU 0 ^« v^KJSHf^liffefi 
[0093] cXCC 2(sJ6W^iS«ifeSK5tWJfiftSV^i 

[ 0 0 9 4 ] 05 C a ) tt, fiJtt9KH@B. HSiJf*#* 
h54 7l«<0&#14£5KLTV*.S,. 05 (b) J±. |3]« 

\,z^ <rm®mz^\ i i^^r- k t m**: - y t <nm 

&8£MAalZ-o\,^X. Xh54 7lBi0^tt^*LT 
v^s. b'— Alfltli/hSv^l^lH^Msfc Safsfli 

4L^. 
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[oo9 5]m*zti&£oiz. imm»mi±* 

ftrr4*9 JfBffl^Ttiffiffl^aUX' ft 4 . %tz. mmtf 
I, . Xh5>f rg*^^ < &4 SRK^- K * 
[0096] £*U=*tU «*SKflaafc JcVRWftSU 

=3r* - t frh . J: S^mSMcW— If *«WttaVff 

[0097] (SS*|*!WE-FM») In 
G a A 1 N&^&fij&RT'ffiSfcft4?)»;i, fflXfcfGa 
AiNJB<D*D#, A 1 ££tfJl£/¥<j£jl$-tf4i: . T 

0.18 (AX., d/A ) ->/2^H cl 

[0 10 0] ZZX\ JtlE ( 1 ) 5aW>I nGaA 1 
rt'fc 9 -o:*!*-*--'^ j£l±. ? y -/ KJfO^ffliJtfO 

?77 FJWH el . d j&*-Hkfc&<fc 

4. 

[0101] H7{±SCH-MQWflBftc^tt-l»^7-y 

fcLT. nfG a N/niG a U5 Al ( , [S N (H cla4 
«m) /nf I n M ,Ga,. 9t N (H guide >um) /M 
QW/plI n o . O6 Ga 0 .a 4 N ( H guid<! /xm) / P I 
Ga Mt AI,., s N (H clod x/m) /nfGaNcDi^ 
*)ft»fll£jj?Lfc. MQW<iIn 0 . 2 Ga 0 . 8 N#FJI 
(2nm)/l n )J5 Ga i95 Nflli (4 nm) #1 
OfcfOfltJfcfcLfc. £fcSWIWGaN?)®JRf$S{i5 
OOcm-ihLt. 

[ o i o 2 ] mi <r>mm&mmiimwi*:- h*a« 

coffin J: 0±**R»»fl»fir* 0 . ooffl^lJ; OT 

aftffi»r#0i:*9. L£^«^J£J th #<&EfiB*i: 
tch. JL^«^Sr@8 (a) #.#138 ( b ) IZjfkLtl. 

Ax • (H cote /A ) ■ (H clad / 
C^T'H coce [±®^£^*;=iTf@i$ (MQW+Sjg 

«)<ok»t*o. itAxiiartat / Hilt 



(GaA 1 N) £?7/:7#^:£-f4::i:T'£>4. ,I<7) 

Sto^-y^fcKCfcHL A l «j£*ffi*t**>*Ui 
GaA 1 N JMc^ 6 jg-S* 1 *) 4, — 2u A 1 

OfcAfc*4SKJaJi<J5ajf*a (fiD*>*S14Jf fc<0A 1 

a i asiAx,, H«*a t<ofigcs$:ia6 

(a) (b) t^r. 

[0 0 98] la^^^^ioC AX S1 #*#<, H 

2 0 c m- 1 fifci § < 5 . * i 

X\ a**l 0 0cm-ij:0'h?< 20cm-'J:WIH 
&B£:£i64£. «<0 ( 1 ) SflUStefcS. 
[0099] 

ad /A^0. 27 (AX A , d/A) 

- ( 1 ) 

[ 0 1 0 3 ] 09 ( a ) &l>'09 ( b ) CSHff 

«B**^«0^?-/H«Jf«BaWttr*Ufe. H9 <a) 
l2H fuide =0. ljum^«^"C*0. H9 ( b ) liH 
, uide =0. 2/xm«lHt*4. R«tt<IWW>><?.X 

01 0tc(i#FB<OI njH^Attec^flEeoda^tCOV^T^ 

[ 0 1 0 4 ] 08 ( a ) fttfH8 ( b ) frkfykir**. 

oi,z. iz^mi&m^tcMzii. fy-vYmmn 

clad Sr. W** - h**<»ttL«^««W«»*>4>+»* 

GaNO«JRflyR*5 00 cm-« kUfcifrfrT****. 

KflaBt^/h* v^t . J: 9K#iS1t* { ^l' < =5: 0 » ^iS^e 

[ 0 1 0 5 ] 0 1 1 (ItiSWf G a N(7)©©fS?$*i 1 0 
0 c m-'W|^C0zg$^- HflqflEfW*0*»*^LA:. 

01-OtJt«L.Ti?*»6J:3t=:. SRR^r- L^r 

H^J?H clad ^#iSJl^H 4uide *SB?5g<0«HICiSSg 
f iffifS* 1 * 4 d t t-W t> frX'ft h . Z<7) H el ad 
^-4^#(i ( 1 ) *fcffl**M8«-etBJ£^rffiTft*. fi 

LJl^frii, ( 1 ) ^A < ^YS't4®^:d*v^^v^^•c7)ifi 

«**trffv>ia«'i:=S:6Ck*»^, (i)^(AX Ai 
d/A) (Ax A1 d/A) -'Srfflv>^ 

* { &m-S4m-C'#£. mWtcti. 07. HI 0^f> 

[0106] 
A) SO. 08 — < 2 ) 
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[0107]^^ ^Ltzmmm^mx^. a x suit 

[0 1 OS] Ax = x ftl fy In (3) 

i&<7)¥-$J I nffljft Zm-t. 7 V "/ K/Hfc I n***i*T.S 
tt£fc:li±<0 x A1 cotti? "5 fc: x A1 - xj „ ( x t n fi? ? ? 

fL&^lcii WHMc y ! n <?>ft;fo 0 y i „ - y 

[0 10 9] ±C*LtnSGaN/naGa 0 , g5 Al 
o.ibN (H clad ^m) /nil n 0 , 06 Ga 0 , 94 N (H 
suid* A^m) /MQW/pI I no.oeOao.94N (H 
guide ^m)/plC T a 0te5 Al 0 , 1& N (H clad x/m) 
/nSGaN^im x A1 = 0. 15. yin=0. 0 
69 (H, uide =0.1 um. #Fgfcl O0Wte> 4:* 
6. Cto%&fc: (2) ^T'-^£>2x£? ^ v 
miA = 420nm^/H cl ,^0. 244umt 
t£h» Srfc (2) ^OSffliir?T^<7)7tffla^c7)S^ 

[OllOliEW-^Ax- (H cocc /A> • 
(H clad /A) (d.*M"&L*V^fflc7)fic#tttl2l 

act liAx- (H core /A) • (H clad /A) t3*£< 

Ax • (H COCft /A ) ■ (H clad /; 
( 2 ) j&foh^U < 5 ) 3«i7 9 ■/ KJBJ*H elad <OTRB 

[0 1 1 5] x A1 • H clad ^0. 1/zm - < 7) 

Ax ■ (H coro /A) • (H clod /A ) 

Ax • (H core /A ) - ( H clad /A ) 

™±(2)*. $fcca*L<(i <6)#CRjeU 
JJMi ( 7 ) S *>izm* L< U ( 8 ) 5W>ffiHL t 
L<fi (9) ££CSI£L<li (10) sfcoKHK 

[0 119] ZtiKMlX* *SttJi#F*ffd act 2: 

(4) ^S££S£ L<li: (5) SOtEHfcRjr^SC: 

[0120] H7— hi l-et 3 ioas-r^s^ii. 

(ym) 1/2 * <H core /A) so. 
(ym) 1/2 ■ (H coce /A) so. 



*i^ltfl:fcJid lkCt fc/jNS< Lfc*#Rv^ WitfHl 
2tAx- (H core /A) • (H clad /A) 
V%^^J th/ / d act —2X109 cm-sti*. <T<1 
T\ J th <10kA/cm2 fc-TSfctotCli. d act < 
0. 0 5/*mfc-f4#S#*6. JSiJ<Oft»titL(f. vS 

[0 1 1 1 ] J2Lh*»4>, InGaAlN*l/-ffll 
( 2 ) *fc*Lfc^feit/^Ji«» t»-r6OT<7) 

[-0112] d act <0. 0 5xxm ■■■ (4 ) 

[0 113] d acl ^0. 04 5>um — (5) 
$r*5. 01 2frhfofrh id£. Ax • (H corr /A) 
• (H clad /A) *&<A^fctSj&**i«f* ny^^h 

[0114] 
) SO. 1 ■•■ ( 6 > 
[0 1 1 6] x A1 • H clad £0. 06x/m ••■(8) 

<^&f2«tt*< . ( 2 ) ^xt4 ( 6 > mrmtz-tsm 

[0 117] 

£0.2 ••■ < 9 ) 
[0 118] 

£0.15 ••* ( 1 0 ) 

(a) SlJfi8 ( b ) #Eg) # f£-oT, -^15^c«iS 

[0121] 

15 --(ll) 
[0122] 

2 •••(12) 
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ttbh. m®Mtf I n£-&A. iJO ( 1 1 ) 5££fc»± 
(12) sRiiWti-idfclfti&^KHf. (£L#^€t\ 

[0123] &dit,zm^fzi&Lz^^mk<?>ttcomw/k 

I n 0 . 2 Ga M N#FH (2nm)/I n,. 15 Ga 
o. 95 NKFfia (4'nra.) * 1 JUgBfc-f &i§£-<90IJ£^f 
*rtf. ^ife^fl.^^fllBXt^Ifig-CJ>&. 121 3<om\i 
±T ( 2 ) ( 5 ) *0>*tt£»fcL"O*&. & 

fc [2 ] ~ [8] liiitidnii-c (ID 5*tf><&ttkM 
fcLTvii. [6] iiZWz ( 1 2) i&W&ftLffitzL 

[7]. [8] <7)i:dt:^W«rr*ort>J:V^ 
[01241010 4:011 Srit«!?tTi5*>2»<i5tC. 

<7) ( 1 3 ) 3*"CS*3;fc*. 
[0 12 5] «S 1 00 cm-' ••• ( 1 3 ) 
HCS*L<aa^500cm-' •••(14) 

Tti, ^*6^8«5:i«<-ri>m^C-t, I nGaNsy 

f<^> Y) vnV F Jf> -y7'£ I n G a 

[0 126] (LSVMttXK*) (MQ 

I nGaA 1 NJR0>¥Wfcl<'— 9**4, ClcOMQW 

v^«W»*Sr«*fc^f. w<t«i. MQWtJiSL* 

5»m^'3n-b 0 , 2*: 1 nGaA 1 N^T-:*:£ ! S:PKI-e*> 

[0 127] .1 H14 (a) —014(c) 

*J8V>TStW*-&. 014 (a) h 9 -f 

7'flijtC9I nGaA 1 NU— If ^fcltS^aWMfiSr^L 

[0 128] ,l*l£RJK'K<i:. -X hy^ 7H£*£= <"f 

SI*- KjfeS*** £>ix3r < & 0 , «#Ttt*8Saf*<S*( 

(Cj; 0 „ 014 ( b ) to J: -5 i.zaT^MX^Wfi&lfi^ 

[0 1 29] MiT-CttLT, 3jsf&BflCJ:-g.^-FWtaiI 
/ykfgSSteK X h * - K ^<7)iJ£Pli#; fc* < „ £ fz %ffl 



J: 0 , WflsTOdStflfcfiWe* 6 . S h tc, 014 

( c ) t-^L^J; ?CpS3>^? hJlT^iS* 1 ;^* 

[0 130] l + t'Jr^'!- InGa 

-i , * 'J T*BW> pffilSJI£*§*> £ fc #H U * fc 

k, vSte/I^pS?^/ FJi^tf^F-O:*— y<— 

L£v>ffiSr*L<tg*£-£TL£?. ft 
fc. ?7-y K/f** 'JTilUg# { l C'cm-'iOfiH 

[0 13 1] <K^^yr«^T't>^-vUT3j--^-7D 

«16t^&)114, 18tOl§)t, GaAlN<>i,5: 
S^f^ yT:*-^— 7nHJ8ihJl 1 5. 17SriS<fCO 
S. ClcOTj— 7D— Rfeihflll 5, 17{±5nm~5 
0 0 n m<0#*£»U*-C* ^iS^- H^ffiO 

[0132] Cic0^-vs;-7n-|^ji:®(j, ^7 ••/ Hil 
O^p r 'J r «**«lKv ^*^KiWte««*WCfc « . I 
nGaA 1 N2VCti. ib<S6*)li5V ■> Y UT?SS^ nfG 
aAlNl?;MT#lit», nfflj<?53}-— 

0" c m-mm&Wt*ftM±.<r)** V T«JK<0pS^ 

[0133] pi? 5 -y Fit 1 9 <D*-r V TiaS*^'* 
*&^5pffl0*-/<— 7nf-R6it7f 1 7 £7)^1*^0 1 5& 
V01 6t=^f . 01 5fipS?7-y h'^ 1 9<7)Jf-vU 
TviJg^'l x 1 0>6 om -3x- Jt-X-yn-mft-Mtf 
A -5 T V ^^^co V>T . y KfltJt&Z/^-? i: IE?1 

[0134] intMLt. 01 6(±MQWvS14^1 6 
t pM$m.mi 8fccOHtGa 0 . 85 A lo. 15 N^--y<- 
7n-|!5jhll 7 5-!J(t7 , L-^*^LTv^„ ccoifl 
7 1 J: 0 p d'VO^rf — y <— 7 o - A% i: yjr < ^ -7 
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-A-7QH*&iLJf Ga^h A 1 h NC0A 1 «j£h#;*; 
fcfcft.ttfc:* h**0. 2*iBiSf:»f«BE±»3Wi 

0<h<0. 2 -"(15) 

[0 136] ^Sri5. **L>T:*^-;7oH»jiJtttG 
a A 1 N£R£fccOTli;3r<. 5S£ I nS:*trfc^)T* 

*>*^UT^w\*-70-|»j1J11±. In, Ga t Al 
h B^^t-h N ( 0£ s , t , h, s + t+ h^l)** 

[0137] _B$ Lfc i 3fc*£QBBIISfc: Jztc&\ I n 
G a A l BNSfi^ai^-iftcfev^Ts ^//lAfa« 

[0138] (*2colOfc»SI) HI 7(4. 

[0139] m<P3 o&yy t j Tmmv$>*) . zem 

S30OlCGaNA'-y7ri3L nSGaN^y^ 
^M32, nIGaAlN?77K133, nlGa 
NS&J13 4, nSGaAlN^-A-70-M13 
5. I nGaN^ft3SrS#-*^#F (SQW) SttiB 
3 6, pMG a A 1 N^— ^S' — 7D — Rftih/l 3 7 , P M 
GaN3*Jf38, p!GaAlN?77Ki39^ 

D WiM B E J; o T ^*>fi & ♦ 
[0 140] plGaAIN?77Ki39liXh7-f 

fccfc 9 7 5 *y K« 3 9 h 5 4 TMftO U >y ^SBA^fig 
SftT^S. pIGaAlN;77K«390 l j7y» 
UWc. nSI nGaN*H!52^>JB4 03&<a*RWfc:Sa 
^blZ^y y^m3 9RV c ^m^>M4 0 
±fcl<±. PlGaN»4 1, piinGaN^y^f 



JB4 2*J*S»J5KSft-CV^. £fU*<9ttS«*fe. M 
0CVDft*V^{±MBEafc:J:oTfr^4. plln 
GaN^>^^ h/f4 2HnIGaA 1N^7 FJf 
3 3iW9»Wl:ii?fL, niGaN^y^ni 
3 2<o— 3#i&iiLTVv&. LT, plGaNny^ 
^hJB4 2±{zlip««K4 3*«»J5£Sil. nSGaN 
3>-^^ b«3 2cOBfflSS±C=«nffl!l«ffi4 4*^JS£S 

[0141] l fci^LfcW 1 c7)|US^® 

iStt«S#^S*T#FT(«r<. In 

[0 142] Z<7)mi6Jm?l±. ££>C=?>^h/l4 
2tUpIInGaNJM^T^S, pSlnGaN 

at* i o«r § i t tp*mb*h. 
[0143] (m3cvmmm) hi si*. #»»?mb 
3^iis^iic^^^^^i/-ifom^*^rBfE[a 

[0 144] H^SOiinSS i CSffiT* 0 . <!<?>S 
S50t7)±t:nSZnOA 7 7rl5 1 ( niGaN® 
52. nIGaAl.N?77K153, niGaNfj* 
■ 54, nS!GaAlN*w^7D-|!Sjtl5 5, I 
nGaN^llf#F (MQWvStt®) 56, piGa 
A1N^a-70-|I6j1:15 7, pSLGaNSRftJiS 
8, PlGaA 1 KJi 5 9OTR*JB«3*l"0* 

=fir*k C;h.4>^Jfdifc*iiMOCVD&. MBE 

[0145] pSGaAlN^77K159(iXh7^f 

.W5^7 7 Kit 5 9 (c^ h ^ -< r«co y •/ ^SftW^S; 

SilT^S. pSGaAl N^7^Kii5 9£7) 1 J'yi>*a5 
W^C nil nGaNjC^16 0i«RW:ia 
&&f&%tl* Ht?7 7 KJ15 9&t/^ISiift/16 0 
-hfcifcL piGaNny^^hi61 ^MM^iit 
V*6. ^LT. pSGaN3y??M6 1±tlipi 
«S6 2*<M^ nSSiCl«5 0c7)»:(in 

[0146] *«ffc»«"C»±. St£5 0 fc UStttO 
[0147] i^±^^J6^-Cii^iift/ik LT I ii 
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£IM n p , Ga, A 1 r Bi- P . q . r N ( 0<p£ 1 . 0 
£q, r<l, 0<P + qt r£ 1 ) vi>hi£A^. £ 
tc. 7?v HJitGaA L NeO^&fcT, In, G a y 
Al : Bj-j-y-x N(0^x, y, z, x+-y + z£ 

l ) *fflu&.r fc#r£6. 

[0 14 8101 Sai^Hl SX^tiX^hXd KM 

[0 14 9] (»4<7)3Sfc»!K) HI 9l±*»HB^*4 

[0 15 0] m*7 0\&-*r7r'1TWKX'h'). zcom 
«7 0^Jil:CTaNA'v7ri7 1 . nfGaN^y^ 
^172, nlGaA I N^77 H/17 3, nSGa 
N®&il7 4, InGaN^liWF7 5, plGa 
N#tI7 6, paGaAlN?77b'177 P pSG 
aN^^7ri78 t pffil nGaN#Hl&tf>Ji7 9#* 
JBj£3*lTV*£. pMI nGaN^H&^/17 9U:{^ 

±M O C V D V ^(iMBE ftfrd J: ^Tff^ 

[0151] plGaN=3f^-y7l78WplGaA 
] FJI7 7«ixb7>f TMttZm^Xty -/ Y 

tfXtfcpSI nGaN3tffl2:^«/n>^^ hJf 7 9** 
BtitZixh* ClcO*Sft«*t>MOGVD&g8V^iMBE 

[0 15 2] pII nGaN^M/^y^; MI 
79HnlGaAI y -y KIB7 3^W»t: 
Bfe*£*U nSGaNnv^^h»7 2<?>-ffl**IiajL 
TV^S. «L<3SL pSlnGaN^S^f/^^^^ 
hi! 7 9±(C(ipfflJm^8 0 . nSGaNny^ni 
7 2<OBaiSS±tC{±nfflim58 pfflia 
S8 0di, Wlitf P t/T i N/T i /P t/Au<7) 

wnsa, n mimes ffiitfT i/Au<r)mm 

[0 15 3] ZCDU-^ey&Hmmil n a Ga^ N 
#FJi/I n e Ga^e Nill(a^e)^^l)^ 
SST^F, at/GaNS|«JBS:K^n!SCH«3Sk5: 

[0 154] Ell 9fc*Lfc^<0«»lipffiI nGa 
N3fcffl&aWB7 9**3:/*? h»S:*ia-C^-S^i:T*> 

oHr^T1i^-HWI»»3i#ll3ST'&&CktCti:6. - 



a N Ji#* h 5 4 rttT^SttWcifi* Rtt <*>*VC I * 

[0155] -2u d^aBSkl*5»t-&«SB*Wi. pS 
GaAlN?57b'177tpiI nGaN3E»l 
7 9k^ra^7 L a»«^J:»3Se3B$*i6. HH*>. 02 
0(a) tC^Lfci dfcl. plGaA 1N?77 K/f k 
pSlnGaNa^; hJlk^EtCfctiSWITPW 

t±. pSGaAlN?77K177tplInGaN3 
h^7 9k^fcCM^^rS]W s ;y K^r> ^rx 
*;U*-£1T$-6 plGaN^f^r */TJ17 80*Kttfcft 
TV^^tC. 020 (b) (c^Lfci 9fcC^T-uRfi 

[0156] i nGaNmz%ffi&#>m/^y?'? vm 

VU nGaA 1 N*aW£»irCH. WTW77F 

Ji^ ^ u tsbktWS < & h z t h fr\zt£ *> fz * tfiJ 

JicO^^'JTaPJff^l X 1 0 16 cm- 3 lJlTT'S>o^tc7) 
$K I n G a NilJrf^tt^Cl k tC i 0 , 5xl0 16 cm 

- 3 W±k^S-k^-C^7t:. iixJ4** (H) SMC J; 4 

Mgr^tr^ ^^vStt-ft^wj s ti& z t ttzmm-t s 

L<7rC*>&. JltliCiO. I nGaA 1 NjKEffi&WiS: 

imzti&zttfft^tz* 
[ 0 1 5 7 ] 02 o^mmxi±, pi;ry 

■*UTffiE5X 1 O ls cm-Wa 0l ^A 1 0 . 15N. P 
Iny^^ hJIA**r x l 0 17 c m -3 c7> I n 

0il5 Ga 0J5 N, p^^yri^t'JTMl.X 1 0 
^cm ^GaN^^UV^, ^^L^c^M^^ 

pSr?y^^ h^kco^oP5S^mOTih^4-^^: 

[01581 H20 (a)OpI777h'ltpl^y 
S/ItM. fflWpiGa 0 .8&A U.15M (^^U 
T^S5X 10 l6 cm" 3 ). pSIn, Gai-, N(^r 

* v rmm. 1 x i o 17 c m- 3 ) <7>*8^«8E*jK-iaE 

#tt^gl2 lCCTFrr. 120 (b) c7)^^./7"®(ix = 
0^GaNt\ w^-&CC(imJ±—3. 7VCi/-f5S 

K^-tm. x^0. 1 J: O^^v^ljf^mS 
(-3. 7 V) T^«afflt±l/2iaTk^r , 5, HI 9 
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[0159] C<0A,xP»at ±4«8KiaiB»»«. P 

*fjrc2r< . 2oojb<o** y rapjKtc t>#c#T6 . w 

pS?7v KJBtf)*^ 'J T«J9&6*1 x l 0 1 ? cm 

X, 01 9(c^«BaK*JV^T^rnBfifc:J:6«8Safl 
ilJ»«*-HM»6fcAk:ti. PI?77Hli^yr 
BfJKS- 1 x l o* 7 cm-^JaTs p!^77KI^Alffl 

SGaAl N/pII nGaN^ffl^fctffclS6t>^ 

22K. nSGa flJ5 Al 0il5 N (**UT«*5X1 
0 17 cm-3) H nil n x Ga^, N (^-rVT&BZl 
Xl0 18 cm" 3 ) fctl^tl?? y ^mWf^>9 9 V 

[0 161] (»50WBBJB) H2 3ti. *f6^H<oai 

[0 162] 0+9O5i^^T^rS«T'$>D. 
&9 0<7)Jik:GaNAv:7T/f 9 1 , plGaN^y^ 
^M92, pIGaAIN^77F193, pSGa 
N»jfcJ19 4, InGaN^llf#F9 5, nfGa 
N*¥&Jf96, niGaA 1 N7 7 7 HS9 7 , nlG 
aN**77I98, n«l nGaN5Kimtf>Jf 9 9# 
»JS£$<lTV^4. nil nGaN#IH&*>Ji9 9{iHB* 

[0163] niGaN^rr7ri98WnSGaA 
lN^^7Kfl9 7ii^S5^f rM^iV^t ? 5 y K 

«97^h5^r«oyy^W»til£$/lTV^. C 
c7)±tCniI nGaNSHiiM/3y^^hS99^' 

[0164] nil nGaNfflS^l/3^^ b/1 
9 9HplG'aA 1 N^v KJf9 3 ± 
ft&Ztl. PIGaN^^; M9 2^— ffl^aajL 
T^&„ d^Of*, nil nG aN^I^S^JI/rJV^:? 
h/19 9±(C(inffl!im® 1 0 0. plGaNny^n 

«9 2 08as»±fcttpWttffil o um&ztix^ 

[0 1 6 5] SI 2 3^L3tflBST*(±, nllnGaN 



HI 9^*&kl^|*K:. tSjy&ft«2ETCartr. 
KSBia^HaJiH 1 9 t H t "C* 0 . * fc«8£« 

n!GaAlN;77 ^S97i:nIInGaN 

c:^f-n|ifatcj:smOTit^a(iia2 2ic^ut 
[0166] ^uwmzxh%ms±mmt. 2 as 

0>*tf5| •» i^e»Pe*i<0T. 

-Kxb701tt(i, >*yY**v?mfrktt% 

[0 167] *«^>JB 

[0 1 68] a+1 1 OitVyr'lTWBXb')* ZCO 
SRI 1 0<01CGaNA' 7 7rll 1 1 , nSGaN 
3^?M112 ( nlGa 0J5 Al 0 . l5 N^77H 
Jill 3, nfflGaNSKSJll 14. InGaN^Ifi 
fSFUS, pIGaN^1116, plGa M5 
A 1 o. i5^^7v Kl 1 17, plGaNIl^ vV 
ill 18, PlIn 0 .o7Ga 0 . 93 NS2^77lll 
9, pSI n 0 . 15 Ga 0 . 85 N3tBi5aftJBl2O3WBjaS 
fvCl^S. pSI n G a NjKFH&tf>Jl 1 2 0URI^tp 

2 1l±pffllttffi. 1 2 2HnfflMMET*S. 
[0 169] ^cOH^LfcflBtTiipSGa 0 . 85 A 1 
U5 N^77KS117i:pII n 0>15 Ga 0J& Nffl 
ii*6Ji l 2 Oh^M^^ h'^-v vy°m&*; 

^h5>f7-»^^9^HiB±t=H, piGa 0i85 
A l 0 .i 6 N?7^ KJIl 17kpSl n fl . 15 Ga M5 N 
*HiZ^Jil 2 0^«^^b^> 7 r^2S 
*A**>yr«£&ttT*>6. A'VHir>7 7iipI^ 
11^7 71, $2^778, ^tfflai^ 
WOJURfc/jN $ < * o T v K * n» M**a»Wfc 

[ 0 1 7 0 ] HI 2 4 ^)||*BB!B-eei*lffly\'> ^7 

JStlT. S ^[:MPg^t77I^iAt6Ii: 
[0171] <SB7^3S*S»S5) 02 5Ji, 

[0172] 3 OliVyTJT&gX'f}*) , ^<7> 

S«l 3 0c0±tCGaN/<-/7r/Sl 3 1 . nIG.aN 
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3y^^M132, nlGa 0i85 Alo.i5N^77K 

■ 133, nSGaNg&JIl 34, I nGaN^ff 
f#F13 5, pSGaNSMjU1136, pSGa 0J5 
A1 0i15 N»1pI^77H1137, pS!Ga 0 . 85 A 
1o.i 5 NS2pS;^7K1138 ( pSGaN^l^ 
tyrill 3 9. pII.n 0 ,07Cfa o .93N»2^y7 

■ 140, pSI n 0 . l5 Ga 0 . 85 N*PHiZ*>«14 1*» 
BfSLZtlX^Z. Pll nGaN3fcPB&*>«l 4 1(41*) 

+<91 4 2«pfflSS. 1 4 3ten«I*«i"C*S* 
[0 173] *■*)** 'J T«J8K*. mi PS^7 7 K 

Sl37tf5xl0»cm-3 S »2pi^9vHJIl 3 

8**5 x 1 O l6 cm-3 x i^l^rt7ril 39, » 
2^-^7/1140, ftffi&Wl/^y^ hill 4 1 

*±Vvrilfc l x 1 0 17 cm-^L^ 
[0174] ^Hfc^Lfc^^WBUU «SffiBfiB^> 

*1 Pi^ry F«l 3 7^UT*»*S< LT 

ms^m 4 1 t^-r&i&2 ps;77 vm<o**r vr 
m^immi&< tx, ^oi»*i3j:*«8oajts»* 

flnU4Bl9. 02 3&t^24(^^fcH«*C&&. 

[0175] (mscomtmrn) si2 6»4. *5p^3s 

[0 1 76] 0*1 5Oiit7r>f7SST*0, £tf> 
II15 0^)±t:GaNA7 7rlil51 ) nlGaN 
3y^^Ml52, niGa 0 .8&Al 0 .isN^?7H 
11 53, niGaNiJWI154 I InGaNMi 
WF15 5, pSGaNz|»M156 f P^Ga 0 . 85 
A1 0(15 N^1pI^77H1157 ( PlGa U5 A 

l 0(15 Ni2pi^77F1158 ) plGa 0J5 Al 
o.i5N»3pS?57KI159, P lGaN^77' 

■ 160, Plln 0i , Ga 0J N#ffliltf>« 1 6 1 0* 
»«S*ITV^S. P lInGaNfSii^ll61(l 

i+^16 2lipfflttS. 1 63l±nfflfBffiT*6. 
[0177] ^<0|lt(l9^fc:t5«t5*«<0*-v »J T^JK 
(4. ^lpl^7 7^fll 5 7* S 5X1 O l7 cm-3. m 
2pI^7 7 Ml 58^5xi0i 6 cm*3, ^3 pi 
;77K1159^'5xl0 17 cm- 3 , ifz. ^7/ 

■ 16 0. 3tffliift«/3y^^h«l 6 llivvf/it 
1 X 1 O^cm^J. 

[0178] ^^H*c*Lfc«B*<!0l»««i. JSttWflfcO 
Slpi?77 K«l 5 7^4rr irr*JKS:*#< LT 

PBii«>ai 6 1 h^-T^^2 pi^7 7 K/fO*^ 'J7 

£««U ?^^77 , 116 0htmi3p^ 
7 7Klg^'J7M5:il<LT, X b 54 :rgBT%i: 



[0179] m9<Dmmmm) 02 7*4. *#m^ib 
xh&« 

[0 1 80] H*l 7 Oii^r^SStS)^ £<o 
»E1 70c0±tCGaN^<^7r«l 7 1 . nSGaN 
3y^;M172, niGa 0i85 Al 0i i 5 N?5'yF 

■ 17 3. niGaNS»1174, InGaN^ti 
f#F17 5, P SGaNMl76, pSGa 0i85 
Al 0il5 N»lpS^?7b'*177, PlGa 0J5 A 
1 0 . i5 N^2pI;77F1178, piGa flJ5 AI 
U5 Ni3p^7 7 KW1 79, pSGaN^77 

■ 180, plln u Ga u N#fH&aWl 1 8 1 , 
pSlno.i Ga 0 , g N=z>^? h/f 1 8 2*«J&£;fx 
TV^S. 0*^18 3t±pfflB«ffi, 184linl 

[0181] *r<osais®JB^««t*#«m^ y r^s 

14. W1pI?77F8177A«5X1 0 17 cm-3^ 
2pM777b'1178^5xi 0 16 cm- 3 . S3pi 
^5 -y K/f 1 79**5 X 1 0 17 c m-3 v *f-\* y^'M 1 8 
0**1 x 1 0 17 cm- 3 , ym&ZbMl 8 1**1 X 1 0 17 
cm-3, 3y^^Ml82^5xl0 17 cm' 3 tJ) 

[0182] ^ comiz^ Ltzm^wm± , m2e^ 
Ltzm&<n%mmmte&wh^mznix-. v>wtm 

4. 

[0183]^, Z<7)£otc**VTmf£cOm^^> 
[0 184] (»1 O^SQBKB) 

*i ocommm^mh^^u-^cDm^^m 

[0185] 0*1 9 0lit7r-( TS^T'fcO. £05 
«190C0j:t:GaNA'77riil 91, nSGaN 
0>99bMl92 > pll nGaNJfcBBiiWf 1 9 3 
**JBlS;$*l"tl^. pSfl nGaN^S^/ll 9 3& 
1/ n fBG a N 3 y ^ N ■ 1 9 2 <7>iiSM4 . 

_hlC, n!GaAlN;77F1194, niGaNi 
88195, InGaN^If^F196, P IGa 
NiS1197. piGaAIN^57K1198, P 
SGaMH99, pll nGaN3y^^M200 
ifiBfSLZtlX^i*. ^£ nSGaAlN?77Ki 

1 9 4^TfH!ltc^y 7yWW?ntv^. afc, 
EJ+CD20 l«±pffll«ffi, 2 0 2«4nffl!l««"C*&. 

[0186] £03d&m*T<4. *^B2^>J§ 1 9 30% 
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m&?>m 1 9 3 fc*^#Fvitti 1 9 6 k mt$ix^ 

Xffi&hM 1 9 3^)©ltZ^^^»T«S 

^Jf t UX soffit £>*^>XV^. 
[ 0 1 8 7 ] [212 8WflfiS*fHR-r6iecottft««tt. 
1 EI S OJftS&lX 2 01 C0&m$ CMOCVD ifcXtl M 

[0 188] (»1 l^SOfi^JB) H2 9ii. *«^<0 
BBXfcS. 

[O189]i*2 1Oiit7r^T$StJ>0, 

1 OOltGaNA-y 7rJf2 1 1 , pIGaN 
3^^M212, pS!I nGaN*ffl&6i2 1 3 
rfffitiLZtlX^i. pSI nGaN5fcfflS*6J12 1 3& 
(Jf P SGaN3^7 hJI2 1 2^±§Bii. 

Jbfc, pIGaAlN?57KI2 14, plGaNS 
«li2 15, I n G aN^SIWF 2 16, nIGa 
N$S12 17, nSGaAlN?77.H!2 18, n 
!GaN1219, nSInGaNay^^M220 
jWgl£S;fxXV>£. ifc. i^2 2 1iipffll^i, 2 
"2 2tinfflJBSir*4. 
[0 1 903 i^SKfc»JBTIi. S-flfcOSWSMflll 2 8 
fc* t fc|tt»KB k ti-ffl £ (fc vvcffifc:*: o x ^ * . « 
^-FH!ii^^3tffli2rf>*2 1 3£i9^$rt-X^£ 
£140 2 8 tf)i§^ £ H*X* 82 9 
fcttS«SER*l±pSSGaA 1N^77 H«214kp 
SI nGaN^i2^)/i2 1 3 fc^-rnttSKiJ; *)m 

Tftztix^h. sinaiai©. 12124— 1212 

[o 1 9 1] zntT<^mmmTi±, ?>9 9bmt 

LX I nGaN^fflt^^SW, <IO*ffl^ 
5tS*l*fc«OX*<±3:<, InGaBNSUilnGaA 

1 BNkLTt>A\r\ mzpm^y?? vm<r>^&. p 

SI nGaBNS^IipII nGaAl BNtt^Ch 
tci^T. i$M£i<D?y99 hmtf&ktltz. 4fc. ft& 
cO#«fc*»BHO*frt«fc^KBT% InGaAlB 

[0192lit, iStt7r^f7iI(«?ill) 
k^TJiSK, SiC, ZnO, M g A 1 2 0 4 , Nd 
Ga0 3 , LiGa0 2 „ Y 3 A 1 5 O l2 (YAG) , 
Y 3 Fe b O l2 <YIG>a££ffl^£<I^r#&. 

[0193] {mi2^mmm)m3o\i,*wm 

mi 2coSI^SI^«fcS*»f*U-^«Jfi*^^Br 
ffiHX*&. 

[0 1 94] S+2 3 0ti:^7 WT^&X&9. ^ 



S^230O±CGaNyN77ri23L niGaN 
r?y^^M232, nlGa 0(86 Al 0 , 15 N?57K 
1233, nSGaN®i&JI234. InGaNMi 
^F2 3 5, P lGaNSM236, pSGa 0 . e5 
Al 0 . l sN^77HH237, piGaN^rA-7712 
38. P f InGa'N3^?M239, nlln . 
0.1 Ga 0iS N#JB&AJ124 0, pMlnGaN^y 
99 M24 ijWKffc&ilXV^. ifc, i+^242 
UpfiNCB. 24 3linllWtft5. 
t 0 1 9 5 ] i058»»JB^^-^i*^ J: 3 icft*§ 
HP*>. ift7r^f7i«2 30O±l:GaNA' 
777)823 1, nSGaNay^^M232, nf 
GaAlN^77Fl233, nHGaN#&Jl2 3 
4, I nG aN^*4^#P2 3 5, pSGaNiM 
2 3 6, p 1G a A 1 N^77K1237, pSGaN 
#^771238, pI I nGa Ha^99 hM2 3 9 

* h y y ? ? y * ^ x o * b ^ a t» * & ^ x p sl i 

nGaNny^^M239, pfGaN*ir77I2 
38&l/plGaAlN;77H»2 37^ 
•f-y^X1»*-f-*C:fc^J:oX. xh7^7t<7)^7y 

10 196] *tC. 2@i^MtnIInGaN3Effl 
jA^/12 4 OSt/pil nGaNny^7h^241^ 
itf0 2EB^)J5ft*i±Xh7-f rfflcOS i 0 2 

7fy/ti2@l ^jfi*c7) U X' ax t ^Tffi X*> h • 

[0197] 4^as»jB^$att, Hf.*s§*flBafcfc 
ft^r, isft**3& s 2BixaF^x*-&. 4^. 
7 h mtfx b7^f rasat/x h 5 ^ 7 t jbj* £ ftx 

^S^tc. ^ffittffi«tJS*fc&«rtA < X^ , pII n 
GaNr?:x^?bJI24 1 {£ t> KiSjWEtf h Z t tz X o 

[0 198] ('ISl 3<o3QSJKB) H3 ltt*%^coJB 

ax*** 

[0199] *Wfe»JBiCt5«t4»flBat±a3 OtC^L 
2WSI^«fc^RtX*ftS<0X\ ^C7)|fbV^ 

nGaN^y^ h«2 3 9&l^2 4 l^O^P 1 
SGaNi2 5 0W2 5 1 SrfflV^X^SC: i:X*>6- 
<I<7)JBf±pSGaN3f-v -yTJ12 3 8 i O^r-V UTIPJK 
S:^< (011^.^7X107 cm'3)agU*S^, 

6. 

[0200] 4 fc, 031 ^SB5SJBffiX(i, niWM^ 
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[02013 (miwnmm) m32tt*mm 

2 6 0cO_bl:GaNA*>y7ri2 6L nlGaN^y 
??Mf262. nSGa 0 .85Al 0 .i5N^77Fi2 
63. nIGaN8«1264, InGaN^lI?# 
F (MQW) S14J1265. P IGaNiM266, 
pIGa 0 . 95 AI 0il5 N^7'vHS267, piGaN 
*^TJB2 6 8jWftJ^j£3*tTV>&.. pMGaN^f 
■Y-/7*JB2 6 8*$J:tfpliGaA I N777FB267 

vif»imiSL*tLX^&. P lGaAlN;77h'l2 
6 7t0'j7 n a 0 . 93 A 1 o.. o 7 N3t 

ffljZ^>Jl2 6 9*<ai(?WCcaia^««^^ Sfcfc:** 
>yri2 6S, ^ 5 -y K«2 6 7 2UX#ffl&tf>Ji 2 6 9 
it:liplGaN3^? hl2 7 0^M$ntV^ 
4. Srfe, 27m P m 2 7 2ttn«ffiT*fc* 
[0202] ^Sfi^®^^^^^^ 269^ 
7-y KI2 6 7J: OA lilK(7)/J^UGaA 1 N*ffK* 

[0203] R»Jftflia«S*«y^*±X h 5 4 7*^<^ 

jweoai o < kj&j- * - t a*»c* & • m 

aL3tH4*^*>**6J:'3Cw. I An E J^2xlO" 3 

H3 2 0HSBKBicofflTJi, #S!S^>JfcOA 
ljfij££0. 0 5Sx A1 ^0. 1 cofS*fitSS-f& i i: 

i o 2 o 4 1 ±a Lfzi o ^mmmizxtitt. i n 

G a A 1 BNi^U-fC^^t, yyyU'Vfnflt 
^fflflBBtc^ 7 >y KJf J: OJB*r*^«^*H!a^JBSrR 

w-siidj'K L*^aaiwtt*«ftas<i, assess 

[0 2 0 51 (SI 5<0*Jfi»S8) H3 3tt*§WB<0* 

1 5<0|||i£l^ 

"C**. 0*2 8 014^7 r^7S&T'£> 9. 
"280^1t:GaNA' 7 7Tl28 1, nSGaN3> 
??hJ1282. nlGa 0 . 85 Al(. 15 N777HB2 
83. nSGaN8«i284, InGaNMlf* 
p" (MQW) rStt/f 285. pS!GaN»iftJ1286. 
pIGa U5 A I M5 N^77 H1287, pSGaN 
^•V7ri288«^M?tlTW|,. pSGaN^r 
-V7ri288fcJ:^pSGaA 1N^77KI287 



j:^77F1287t:Xh7^ >J v 

3iVO>4. piGaAl N^9yK/i28 7^11 
aWa^»«Cn3aGa 0 . 93 A 1 0 . 0 7 N *BJ&*>* 

9/«8iJ?«fc:stf>&A»j£3*u $^>«^7rjg2 8 

8. ?7>y Hil2 8 7&VJtePB3iftJI2 8 9±C{±pa 
GaNl290, pi I n G aN =2 y * ? hit 2 9 1 ifi 
fflg&ixX^h. 2 9 2(i P S®. 2 9 3ttn«BTft 
S. 

[0206 1 *mmwci±%ffl&#>m 2 8 9 #psg 

a N ig&M 2 8 6 Cft #flfc£ *VO > 4 jSctfH 320 

[0207 ] (*160*tBBJIS) B3 4li*»W<7)» 

1 6^jffi^^RI^4^i*^-^«fi£^^r®fffi 
BTC*6. H+3 0 0«1f7T>fr3S«T»0. <r<7)S 
S3 0 0OB:GaNA 7 7rl3 0K nlGaN3 
y**h»302. nSGa 0 . 85 Al 0>15 N?77Fl 
303. niGaNSffi|304, InGaN^lif 
#F (MQW) vStt/1305. pIGaN«»i3 0 
6. pII nGaN^r^77f307, piGaNg3 
08. pIGa 0 . 35 A 1 0 . 15 N^77FS3 0 9A*fi£S 
^SilTV^S. plGaAlN?77Ki309, p 
SG a NJB 3 0 8l±X b 7 TSfrfrfcBfeWCX 

ttcOU *^ffi;WSffi3*lTlr>S- Cc7)_htCpSGa 0 .93 
A 1 0 . 07 N3fcBl&tf>Ji3 1 0. pSGaN3>^nB 
3 1 l#»j£§*VCV*-&. 3 12fip«@, 3 13ten 

[0208] *ffla«)Ji3 1 OA^pf 

-CfcSfcft. »IWfcBl42 0Tartr. .KOflljreii. p 

IGa 0 . 93 A l 0 .o7N5feWi2^>/i3 iOipilnGa 
N^r-r 7/IS3 0 7 fcCO^-f attfitzij; 9*aiE«S*/>*?T 

GaN|3 08#pSInGaN^rt77l30 7i:p 
1G a A 1 N?7-y H/f 3 0 9 t <Of£]t~^j££*VCV^ 

SGa 0i93 A 1 0 .o7N7e«a^/13 1 O<OH03WpS 
Ga 0J5 Al 0 , 15 N^77 f'13 0 9iv^tW, 

[0209] (si 7£osasegns) 123 5(±*»bh<7>» 

1 70|li£ff^Cffi^^^U-ifO*^^^TMI21 
I*320iif7r^7itt3> t }, ^« 
3 2 0^iCGaN/<7 7rl3 2L nSGaNn> 
^^M3 22. nlGa fli85 Al M5 N?77«3 
23. nSGaNgt!3 24, InGaNflif# 
F (MQW) vStt/13 2 5. pIGaN^13 26, 
PlGa 0 , 85 Al 0 . 15 N^1777Kl327, pf G 
a 0 . 9 A.l 0il NS2?^vKJl3 2 8jM5ftfiJgj£Sfl 
plGaoj AI 0J N^27 77H13 2 
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8. pffiGao.ssA lo.isNmi^^-/ KJ13 2 7UL 
Xh^O^#£I^TX<y^y^1^£il. iiltJ: 

V^S. 7^yKJI3 2 7. 3 2 8^ , J7> ? SSfe»k)i« 
tCpilnG a N#W&tf>J! 3 2 9 j^«Wfc«&*» 
^5yH*3 28&lX3e9BW>«3 2 
9iWipiGaN3>;? h«3 3 0 j&WKStLt: ^ 
I). 3 3HiP«Si* 3 3 2(2n^«&T*£>&. 
[0210] ^Wl^Mffli^ 1 <D§gS6^SBt 

VviS&tttT&ZtlZX*). »2??yb'I328 + 

.KOflBfttt, ?9 v HllSr A 1 8jft*3»fcS 
Ga A I NTffi&Ltc$mffi&t U ft*X7fy/t 
J: &x f-y ^MBE^Srf LT^ST* & ♦ 
[ 0 2 1 1 ] H3 6ti±3ESB»»JB^«ia*^J*^*^ 

o rtMiM^'C =i 4 /Mfc7>£JOTW 34 1A* 
S*t<?>*U IOX^7-342ai/NaOHiM34 
3£«ftl/0*£„ ^^^7-34211 07K 

L & ^ 3Vhn-5*»fe HWS«E» £ S W"C 0f£ 

L, NaOH«fR3 43**fprft. NaOH«»E34 
3£fi. GaN^*«a*r»l£Lfc*«3 4 4**«$ 

[0212] 4 4 te. S^h^iSUEiR 3 4 

4 Hi. !S8l[ttiH3 4 5C7)SIHItC««ESnTO€>. 
T\ «aEM3 4 5 IK344ii 
*SWfc¥Mfcx -y f-v^StiS . 
[02 13] ^^.fc^^ma-ft^Wx-yf-y^J: 0. 
x ^ y/rn yr^)V^m3 5 cngMffifBilzni L£z£ 
o*J8ttltzmffit&Z£^nT$>Z>. -t%*>i>>. H3 
7lZ^Ltz£olZ^ A l«£7)iS^GaA 1 NgX 7 f 
y^iSJK***S^fc^t-. 123 5t*Lfe»tt^aS 

[02 14] x^^>^rn7r-<;PSrWJ«I"f 4 
fertO^fllflBtJi. H3 5fc*L3t2Ji«fieRli^ 
3JlULLTta<. $fetc«ifcrGa 0 . 8B A l 0 . lB N^ 

t*->Ttfiv\ x-yf-:/^»»<>NaOH£l» 
5£3*l KOH, HF^M, HPG 3 

[0 2 15] (*1 8^Sfl!9#B> 03SCi*^«O» 

S35 0^:GaNA 7 7rig35K nlGaNa 
>'^7h/S3 5 2 s niGa U5 AI M5 N^77 KB 
3 53, nSiGaN*iSB3 54, InGaNMIf 



#F (MQW) gtt!3 5 5. pSGaN^SM35 
6. pfiGa 0 .B5Alo.iftN*l?5-/KJi357. p 
iGa 0i9 AIq.i N$2;77H1358, PlGa 
N*^v:TB3 5 9#J&^«$;ftT^&. plGaN 
*^yr/f3 5 9. p|Ga 0 . 9 Al 0il N*2?5-y 
KB358. plGa 0l 85Al 0 .i5N»l?77h')B3 

fSLZtlX^h. 9^7 v KB 5 7 7. 5 7 8<^U v^SPW 
pI I n G a NftGH&aWf 3 6 0 jWg&Sil 
TV>& 0 3 6U4p*«, 3 6 2(inm@T"&6. 
[0216] 4^^!Btefe»t6«SBSIWf»i. plG a 
0.86Al 0 .iBN»l?57t i i3 57kpfiInGaN 
3tffliZA®360h^ToPtMCJ:*y||3S$fi^, 4 

7t . x v ^ y ?t4 immzm lx t±±a Ltzm 

[02 17] (SI 9^H8S»!B) H3 9— 04Ot±. 
*%BBo^ 1 9 coSUfc^JBfcH* * *3Rfk u—fcoWmjL 
g@*C*>&. 123 9 (a) tSti^t, t7r-f7S 
«3 7 0±KUi. **A«««JSftft (MOCVDft) 
GaN*\fc=Sr£ 1 0— 2 00 nm)f^7 7r 
B3 7K S i H-rc0nSGaN^^^rl>4)um/p:cO 
nlny^;M3 72, Si H-rOnIGa 0>B A 
l„.z N^^250nmf^ni;77Fl37 
3, SiK-7^niGaN^^^S2 00nmiC7)i 
&B374. Sih-r^)nSGaAlN*-A-7n 

-K±iS3 7 smmmtiLZtih* 

[0 2 18]jR^T. nSGaAlN^-A'-7D-|» 
kM3 7 5_htCi±. 1. 5 nmffcoy^K— TI n 0 .25 
Ga 0J5 Nai/3 nmJfCOyy 7°I n 0J5 Ga M5 
NC0 2M«^) I nGaNM5 0)fIW*aOjStT«jS;^ 
tl& ^mi^#F (MQW) *t*I<7>*S<8iB 376 sWBfifc 

[02191 L~C . JSttii376±Wi. MgK-r 

(^pfGaA 1 N*T— >\*— 7D-(!fijtl3 7 7 . MgK 
-7(OpIGaN*^4J 2 0 0 nmfO#i$13 7 
8. Mg K— 7V>pfflGa 0 . 8 A 1 0 . 2 N^feiSpI 
^77h'l37l MgK-rOpIGaNHW 
0. 3ummn**v7'm3 8Q.&mifflfSL'2tLh. 
[0 22 0]^:, pSGaN^r7ri380±C 
a. SfcCVPfeKJ: 9. S i 0 2 RKi^4 0 0nm 
JSOHsm8"r^7*3 8 l#*i»Sil£. »-Vt. ^flS^ 
^^^3 8 UCIi, (AZ4110)tflju 

' 1 2 0 a C<?)M*#ffl»i<!0*-^>'fc:2 0#Bl«»Sft.. 
[022 1 ] ^tC. 039 ( b ) ^-fi -3 RiCtt 
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-(?fyf-AZ7f>'7 (R I BE) mz£ 9, pSG 
aN*-vy7*Jl3 8 0fi. pSGaA 1 N^7-y KJf 3 
7 9 *t«HJ-*-& it^K?^ 7"#fcx vt^ili. 
{0222] iif, plGaA 1 N??y 
(i#>0. 3 // m fc sivvfi#>, 7t—A— x v+yftzX 

a. x-vj-yftfAtLzc i 2 #z.t, sf 6 t<om 

[0223]7-f?n^7-200W. ^^yiDSI 
JE5 0 0V. C l 2 /fXg.jjO. 4mTor r-gfc 
U SF 6 XfX^aSJnL/c^GaNtGa!.,, Al, 
N ( x = 0 . 2 ) cr>mtRi±^(t^m4 1 (c^-T. 
iix -y f-^^'lcij ft £, G a N flXHSUfcY* 0 . *ttM£l 

102.24] s f 6 xr^offi^JtairricsevK as^ 

Jt#>m?nrti>. sf 6 #x£S£&[rf s^fctcj: 

•9, GaA 1 NJlOXyf-V^fclRU &9&&KfiUt 

[02 2 5] .IfUZjcO, GaA I NJI^x-y-f-l^jg 
"J* *S*fcLTGaNi:0»Rifc*yt*<* 

'-KKikFfcifcfrfc LT^trtf*. M^lfCF 
• *T & PI fcSWRtff* . 4 >fc N jg^x -y f - y ■? 
«A, Wl^tfOj , CO, COi 3?<7)*n£. ^< t to 
*fcftkLX$tstfAX'htitfWn^&X'fo&. Sffe 
(i, GaA 1 NgcOX-yf-V^^, fl&SILItV^A 1 

[0226] GaN1380iGaAlNB3 

&zt&if-&n->. ^mmmx'H. u—^mzx 

7\ Xvf^S^t^Lfc. SttWWi, x y * 

V:?"|££|^B£&^6 5 0 n mfiOU— !f3KSr.BSJtL . S 

* { ffii&-r h . w ojgsw&ifj t j: o . x -y v jiat^ 

fcs aHRxyf-v^tf^fflL^fc*. GaA 1 Ncox 
•y f - > 7jSLKA*jI GaNf380 £0X y^-y? 

ttKWmBinWttofimb s GaAINJf379?) 
x -y f - y7B$cr)%.Mft%L&(0mM®Mt X'iijz £ fcft 

flt-sT, m* i ^bt--S^T'x-y^>-^5 ri js? 
T-fiifcf . g/J^jf — y^— x ■yfyy'tt-x - y ?-y?'& 

[0227] tLhO*j£fc J: 9 , *£»»JHrm, G a 



A 1 N®3 7 9cO^--^"-X-yf->^*fi4 0 nmJ^TT" 
X.y*V$''&J*Tt*&4. X-yf-V^XS^. 7xA 
£II 2 SO, : Ht 0 2 : H 2 0»«Wfc«»*. VifX 

[ 0 2 2 8 ] W±0SaS0S. @39 (c) £ntf*i 
(C. MOCVDfcJi*JH2EIB<»>J**fcJ:9, S i F— 
TOnSGaN*^^rl,0. 5 // mJ9<0^m&M>J| (« 
fiim^M) 3 8 2#pMGaN*A'>yT/f 3 8 0<7>ffl® 
(C!ft-5tPiGaA 1 N7?y K*3 7 9_tfc#Jfc3ft. 

S+KSHt/bil. Si0 2 plGa 

[0 22 9] Kut. 04 0 (d) fCTfnM: MO 
CVT>lz£&f&3!BlB<?)j8MizJ:>). P lGaN^ 7 
7*®3 8 0±2ir/pSGaA 1N?77 KJ1 3 7 9±(z 
MgK-7« P lGaNK^0. S^milW^y^ 
7 hJ!3 8 3A^fiS:Sfi.^. CI, #Xjffll^ 

[0230] *<0tt. 1214 0 ( e ) tijrf-J: ^ nffl) 

[0 23 1 1 RWOU-lPCJSVvni. JBlSlg 

<0*ftCJ:'3. nIGaNfai5i?l382i^M' 

2teBllP#*BIJtt; IS2t5IgcOfi!c«tcJ:0p^GaN3 

L*^L. i<08£«^ffi<i0«^, ^CnlGaNM 
«*13 8 2A.MOCVDSD6taai.i! ) «)MgOll)i 

W^ma^Ji^P^ p IG a N 3 >- ^ ^ h !§£ 

[02 3 2] L*>U *jtE*»JBteJ:fUf. nSGaN 
«a«*JI 3 8 2 (2* 2 0 H <0«*TflWW- & fc» , M 

[0233] ±i£ L/C J: o tc*««»JBtc J: 

a y ->^*fl:^*¥«wk«<oa!«x -y f - ^£x%t-& 

*^», 777 FmiZ'J ism£BtfL-t&T.U<,zii\->Xft& 
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[0 2 34] («2OO^M«)i4 2-04 3W 

[02 35] 4£gfiMNi. iX^2o<Ojfi-C* 1 90* 
SBBSSttt***. ljfllBUL 04 2 (b) (tZ^k-fXo 
pfiGaAlN;5yH1379i:ftit, 

SGaAl N^9-yH«3 9 0*W«SilTV^. 2^ 

BU. 134 2 (c ) (C^-fiot^ p'lGaA 1 

n G a N«S8R5»J1 3 8 2 «t Offliiifl*:- k *?* 

[0236] zcommTiz. vmn&m 3 s 2 a*, u v 

s^coiaSffll'CvSttJB 3 7 6 l::ifi*-*-&3fctf> . I n G a NfE 
<0|8&JS W*JMR l-<t 0 ftffi&tbtfftbti £ . Z cot 

U »yi/*<?)pIfflIOGaA 1 N<7)/?£{^ USE&Wf 3 
[02 37] -t'^Tfflr^RI«^. 04 2 ( a ) 

y^y^Ui^ c i 2 ^xhSF 6 koa^xk, R 

IBEg^fflV^, X-yf^ftfHi, Cl t #^JE 
^3 0. 4mTorr. SF G X&jl 0 . 1 5 mT o r 
7^?O*^7-2 0 0W, 4 ^VM^JE5 0 0 

[0 2 3 8] pIGaN*^7713 8 0±Cim^ 
#ffM£fU pffl[GaN*^^rJl3 8 0t3*5«t&"7^ 

^ ia*h ow** x *y >- ^ aqfc $w.x 7 fy^ 

GaN/GaA 1 N^jHJJlttA*! . 2 5SJ3tC* 
0. GaAlN^X 7 f^M»^, GaNk 

^S»JSffl#l 5 0 nmt«3L, GaN/GaA IN 
#ffi#tfcffi£tt/C3&»£>, SM&l . 3JS»lH*i*:i:§. 
Xy^^fctfikL*:. -tCOtS*. 04 2 (b) 

«j7y^S»pfGaAlN^77 H13 9 

[0 2 39] C^H7^X7fy/IS^V^, *H 

1 2 Xr^^5rfflt^*g". GaNfcGaAINklill 
S«2Ex.y?-x^k$ri>. r<0«!x./f^tli, U 
-IfT^-^tCiS^SSftSM^GaN/GaA 1 N 



[0240] **Wt;«&«3S*ft'C«i, S*J?x 

[024 1 ] feliKDj: o tzV viSM&cm. 04 2 
(c)l:*ti^:, *20l^tn'arnGaN 
«8t«P»/B3 8 2*«tl?»*&ft.6. $£(CSi0 2 -7 
^?H*Oft, 04 3 (d) ^T^K. 333[U@cr) 
MtpSGaN3^^H3 833WBfiRSJlS. w 
(7)plGaN3y^^Mi383li:, H5^fX7f>/ 
fci9, nSGaN3y^^hiB3 8436f«RaST6*'C 
Xvf-^3ilT>ir3WBJ«Sft-&. 3 
( e ) IZ^-tXdlZ. P i!GaNny^^M383i 
Kp{ffl^®3 8 5#ffM£*U nlGaNny^^M 

3 8 4 ±t= n MMM 3 8 4 #»Jft S a. *mftU~Wfi 

[0242];;t, **JB»!B-Ctt. «SK«5*«3 8 
2kLtnII nGaNJIiffi&tf^fcoVvCSMJIL 
3t**«8SS)E«JI3 8 2cO*}»i:LT<i. nIGaA 1 N 

[0243] xm2 icommm) 044 (a) 

4(d) {i#SMfl<982 1 eo5QW»!BU:ffii?4*^^ 
-1f^)»2IXSaT*&. *^*JBb^B2 0O«WB 
*k»fr6j£ti, 04 4 (c) ts^riot. afftj£« 
T'«*< 'J y iffefleS: nllnG aN«¥i 3 9 1 

[0244] ZcoU-^fm&Z'L .044(a) Ic^rt 
xe<30tt. 044 (b) tsrriofc:. K7^x 7 f> 
^(Cj:9, pIGaAlN;77K|39 0£'j7yk 

ZX\ »J -/^Mffll^GaA 1 NtfDJSSUL ®5B**iB 

39 i t%&m37 etcD&nizmwz^i&^v. m 

[0245] *HSBB!Bt*5V^ t , SS2 0 

k R < <t £ S^x -y ^ > k U'-if 

t^m^txm^^> . -t^>*s«. 04 4 < c ) m 

[0246] {m22<7)mmmym45&. *%ttyco 
%2 2<nmmmiz%hh*mfo\s-^<nmfc*mrm 

[O24 7]0+4OOIinISiCSKt*»3. Z<7> 
0 0c7)±CCn^Z nO!4 0 1 . nSGaNS4 
0 2, nlG aAlN^77 YJ§4 0 3 , G a N^£/f 

4 04, Inj Ga^j N A^'SrSfiS 1 <7>vStt«4 0 
5. &?/GaNaEayB4 0 6/^IlH<J:Jg*Sil. 
<0««AS:»<SB2^««BWi. I n fc Ga t . k N*» 
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ht£h%2 cOvStt^ 4 0 7 RX/G a NS&yi 4 0 8 tm 

it&hx^i. *ioiw*Aarxai2«««B 

£;fcV>T, pSGaA 1 N?9 7 1 1 a»l/b, 

nIInGaN3tHa^i4 12aa^b, plGaN 
3>^M4 1 3a&tfb*<»|£3*LT^5. 
C^OlSftjfcfttiMOCVDft, MB Eft. 
*COffl^CCJ:oTfTbil«>. ifc, 4 14a&tfb{£ 
pfflMfcfi, 4 1 5<inHffiffiT*>&. 
[0 248] §S1<OyS1£/I4 0 5cO^>F^> 

7 7E gl , K5dlk,»2<?)iittfl4 0 7<?)A'yH 
*><y7*Eg 2 , Jp£d2kfi. 
Eg, >Eg 2 --(IS) 
d l>d2 -(17) 

/14 0 5cT)I nl&Jftj =0. 05, H^lOOnm.S 
2<0«tt«4 0 7tf>I n»fljfik==0. 15, JIMOn 
mhU:„ iWi, «fi«ft-CA 1 =380nm, A 2 
= 4 1 OnmllfflW. 
[0249] znnu—Wtakvm 1 OWK Atli, 

1 Oi£tt« 4 0 5 (0&X"t> htztb, Z <OvgttJi 4 
0 5(7)^3 8 0nmT«tl>o — ff!20^t£B 

1 4 0 5 k $ 2 OvSISJB 4 0 7 t tfltfE 

*. tot, CO«W"Cli4 1 Onm-Cflfi-tSifcfc: 
[02 50] Wlc0««AC0JSttii4 05tel0Qnm 

ISBtlil 0 nmkJ|IV^eJI4 0 7<7)Jfctf>. 

-mmz&mx'Z, m^x<o^m^mxhi. ts^ 

[025 1 ] L**fc*55Sfi»JBT«i. U v 
9yy K/f 4 1 1 ^ffflffikrvSte/f 4 05, 4 07iH 
^<>K^yTx*;U^-co/hSojKIS2^ii4 1 2£ 

[02 521S45 ^L^^^l^-ifOifitX^^ 
H4 6Ha4 7Sr#5SLTiJlW-4. 04 6 

( a ) tl^i: 9 Cl. niSiCit4 0 0OitC, n 
SZnOi401, n$GaNl402, niGaAl 
N^77KI403, GaN8itl4 04, In 3 Ga 
!-j NiStt/I (»lS§tt/l) 4 0 5, GaN«KftJf4 0 
6, I n h Ga,- h NfSttJi <8&2i&tt») 407, G 
aNi$IS4 0 8 trffi&US&'+h. 

[0253] <X^X\ 1246 ( b ) d^-T J; 9 (3. Sll 
tf0««A^*3CtiS»»il4 0 8 kStt^ 0 7 £x -y f- 



6 x&mztix ^i<?)x\ m^m^xmw^zx t 

[0254 ] #tvC\ 04 6 (c) IZ^XdlZ^ &m 
i:pSGaA 1 N^y y Hig4 1 1 SjjcftU *<0±£ 
S i 0 2 JK4 2 1 tX/^-y^ffi9"C»JS&ir6. 

[ 0 2 5 5 J <X^T\ H4 7 ( d ) fcScTJ: 3 Si 

LTf^A&l/Bfc-tfvefi'J v S^flfflW-*. 
[02 56] ik^X\ 04 7 ( e ) tC^cT i o tC. Si 

*tofc#Watf>«4 1 2 

[02571 *lr vt\ 04 7 ( f ) fcSr^i ? d. Si 
0 2 v^^SrHftiLfcft, plGaN3y?;M4l 
3t*fiL, P«ii4 14, n|H14 15^Mt 

[0258] ±iBLfc i ^ C=*^fBRJBt=J: . OCR 

m-MWL±izmf&Lx^z>fz#>. m&mmiw$<mL 

[02 59 ] (SS2 3t03iaS»JB) H4 8tt. 

[0260] ^mmm<vmmRitmm?fmm 22^ 

bB&hj$i±. mi^tt/14 0 SCftiTIBIId i<o 
3Bltf)*SttJB4 2 5£*rU ja^JB2cOffittJB4 0 7tC 
micO«tt^^Ki¥J:0t>^§v^/id2$:(> 
O^2 0Sttl4 2 7 t"C*6, 
[ 0 2 6 1 3 -r=flr*>*>. ^l^v5ttif4 2 5c7)Kif d 1 
k*2 0«ttJ14 2 7^]Kffd 2 kco^^ . 
dl<d2 - (18) 

t LtcZkX*$>&. HP*>, dl-lOnm, d2=10 
OnmkLfc. 4>t. ^20^BtCpSI nGaN® 
JRJf 4 2 8 Srlfttt^. CIcjOKlR/i 4 2 8ti"rttWi»lR«c 

6. ^coffi&^VhSlzte. ytrt A7fimizto\,rxmi 

[0 26 2 3 (SB2 4<?>**I»IB) H4 9U. *«B^to 
»2 4^^BCiffifc^^*U-1f r ^««*>T<-rBfi 
®0T-fc-g>» 

[026 3 3 El+4 3Olit7r^7SlT'J)0. Ceo 
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&K4 3 0O±fclGaN^'/7rJ14 3 1 , nIGaN 
ay^7M432, nlGaA I U^yy KJ14 3 
3, nSGaN^^yf4 3 4 , I n G a N ^Mi^fF 
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